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ABSTRACT
Magnesium Concentration in Agropyron desertorum
Fertilized with Mg and 1st
H. F. Mayland and D. L. Grunes2
of humid pastures with N and K often increases the
i id 	 of tetany  3 4nc ence 	 ( , 4).Grass tetany, a Mg deficiency in ruminants, is responsi-
ble for large economic losses throughout temperate re-
gions. Significant livestock losses occur in the semiarid
western United States primarily when livestock are graz-
ing the spring growth of Agropyron desertorum, an intro-
duced grass species which provides much needed early
spring forage.
The objective of this study was to increase forage Mg
to about 0.2 q by Mg and N fertilization and thus meet
animal needs and reduce losses from death. The field
study was located on A. desertorum grassland which had
previously produced grass tetany. Two calcareous aridi-
sols were each fertilized with 0, 90, 200, and 600 kg Mg/
ha as MgS0,.71-1,0, having split plots with 0 and 150
kg N/ha applied as NH,N0,. Forage was harvested at
regular periods intended to bracket the spring occurrence
of tetany for three seasons following fertilization.
Fertilization with 600 kg Mg/ha was necessary to in-
crease forage Mg to the recommended level (0.2%). Ap.
plying 150 kg N/ha increased forage Mg concentration
as much as did 200 kg Mg/ha. The N and Mg fertilizers
were additive in increasing forage Mg concentrations.
Forage Mg concentrations decreased with increasing age
of vegetatively growing grass, and the benefits from fer-
tilization were less with each successive season following
fertilization. Little residual effect of 600 kg Mg/ha or 150
kg N/ha fertilization on plant Mg concentration would be
expected after 5 years. Rapid decreases in water-soluble
soil Mg with the resulting formation of some unknown
insoluble phase, as well as high investment costs, pre-
clude Mg fertilization of these ranges to meet Mg require-
ments of grazing animals.
Additional index words: Crested wheatgrass, Grass te-
tany, Hypomagnesemia, Aridisols, Range forage.
F
ORAGE containing 0.2% Mg normally provides
sufficient Mg to protect ruminants against grass
tetany (3, 4). This is not a fixed dietary level, but it re-
flects the Mg concentration above which tetany seldom
occurs unless the forage is unusually high in N or K.
The apparent Mg availability to ruminants is about
28% for cured legume hay, but values as low as 12%
have been reported for fresh grass (9). It follows, then,
that most cases of tetany are reported for all grass or
predominantly grass pastures.
Magnesium deficiency in ruminants is reported most
frequently for humid and subhumid grass pastures
growing on coarse-textured soils low in available Mg.
Under these conditions, soil fertilization or forage
dusting with Mg minerals is commonly used to mini-
mize the tetany problem (3, 4). However, fertilization
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Grass tetany also occurs in cattle grazing the semi-
arid rangelands of the western United States. Live-
stock losses in Idaho and Nevada alone were estimated
to average 4,000 head annually during the period 1965
through 1971 (H. F. Mayland, unpublished data). The
magnitude of these losses varied from very few in some
years to 3% of grazing animals in other years. Pro-
duction losses caused by chronic Mg deficiencies in
ruminant animals would further increase the economic
loss attributed to grass tetany.
The objectives of this study were: 1) to determine
the Mg fertilizer level required on these calcareous
soils to produce grass forage containing at least 0.2%
Mg, and 2) to determine the effect of N fertilization
on forage Mg concentrations.
MATERIALS AND METHODS
Field Procedures
The study was located on the San Jacinto seedings in north-
eastern Elko County, Nevada, where grass tetany had previously
occurred. The elevation was about 1,650 m and the mean an-
nual precipitation was 280 mm. The range forage consisted of
a monoculture of crested wheatgrass (Agropyron desertorum
(Fisch.) Schutt), which matures by early July. The animal stock-
ing rate is about 0.8 to 1.2 ha (2 to 3 acres) per animal unit
month.
Two sites, 5 km apart, were selected for intensive study. The
soil at one site was a coarse, loamy, Durixerollic camborthid
similar to the Orovada series, whereas the soil at the other site
was a loamy, skeletal Haploxerollic durorthid'
Magnesium as MgS0•7H 20 was broadcast on the soil surface
of both sites in February 1969 at rates of 0, 90, 200, and 600
kg Mg/ha. Nitrogen rates of 0 and 150 kg N/ha were applied
as subplots using NH,N08. There was no tillage to incorporate
fertilizers.
The soil at each site was initially sampled at depths of 0 to
/5, 15 to 30, and 30 to 45 cm for general chemical characteriza-
tion. The soil under each Mg treatment was sampled in 5-cm
depth increments down to 25 cm after each of four successive
growing seasons. Soil bulk densities were determined from 2,0-
cm thick cores taken at approximately 3, 8, 13, 18, and 23-cm
soil depths (I, Chapter 30.2). Soil samples, except those for
bulk density determinations, were air-dried, passed through a
2-mm sieve and stored in waxed cartons at room temperature.
Grass was harvested several times throughout the vegetative
growth of the plants in each of 3 years following fertilization.
Forage was clipped at a 2-cm height above the stem base. The
sampling period was selected to bracket the occurrence of grass
tetany. Harvested material was immediately frozen with solid
then freeze-dried, ground to pass through a 20-mesh sieve,
and stored in glass bottles at room temperature. Root masses
were determined at the end of the 1970 growing season by
washing away the mineral matter from soil monoliths 15 x
30 x 60 cm deep. The roots were air-dried and weighed.
Laboratory Procedure
The "reserve" soil Mg was extracted after boiling 5 g of soil
in 100 ml 3N HC1 for 1 hour (2). The 20-hour water-soluble
Mg was determined on a 1:1 soil water paste that was manually
mixed at 0, 6, and 20 hours before vacuum extraction of the
soluble phase. Soil Mg was determined by atomic absorption.
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of glass (80 to 90%), and smaller amounts of horn-
blende, feldspar, and quartz in the 50 to 250- 11 frac-
tion. Mineralogical X-ray traces showed that the 2
to 20-µ silt containe0 easily collapsible vermiculite
(14 A collapse to 10 A with K saturation), some illite
or mica, and a large amount of quartz. The <
clay fraction was predominantly montmorillonite,
with small amounts of illite, kaolinite, and quartz.
The camborthid soil is mineralogically similar to the
durorthid soil .4
Table 1. Soil methodology.
l'ammeter	 Procedure	 Reference.
Partici• si ze 	hydrohydrometer	 1-43. 5
211 RC re logical
	 Petrographic	 1-46, 2
21 avralogi cal
	 X-ray	 1-49
D ig: ale matter	 Wa I kley lack	 1-90.3
p II	 Class electrode	 1-60, 3
Electrical conductivity	 Saturated paste extract 	 1-62, 2
CA CO3 equivalent	 Acid neutralization	 1-91, 4
Cation exchange capacity	 NH, -saturation	 1-57, 2
Extractable cations	 1N NH, OAc. pit 7.0	 1-57. 2
Water soluble cations	 Saturated paste extract
	 1-62, 3
Saturation water content 	 Li fay I metric	 1-62.
Citation includes chapter and section.
Table 2. Soil characterization of two northeastern Nevada study
sites.
Soil Characteristic	 Durixerollic camborthid Hapioxerallic dare rabid
Depth, cm	 0-15 15-30 30-45 0-15 15-30 30-45
Textural class	 L L L L L SL
Organic matter, ;:1	0.98 0, 77 0, 59 0, 88 0, 66 0,62
pH - sat. paste	 13.0 8, 2 8, 2 7,0 7.2 7, 7
pH -	 lt5	 7.6 7.5 8.2 7,9 7,9 7,2
EC r 103	mmhos crn`l	 0,7 0,4 0,5 1.3 0.6 0.8
L'aCO,	 equiv. • ';',)	 1.7 l.7 2.0 0.1 0.2 0,5
CEC, meu/100 g 	 17 17 22 16 24 27
Mg "reserves" - soluble in boiling 3.6: HC1
Mg, rneq/100 g	 19 26 15 22 24
Extractable cations - 1A' ammonium acetate pH 7. 0
Na, InceV100 g	 0, 2 0, 3 0.4 0.8 1.4 1.8
K,	 meq/100 g	 1.3 1.3 1.3 1.3 0.5 9.5
Mg, meg/ 11110 g 	 1.4 1.3 2.6 2.9 5.0 5.2
Ca, meg/ 'no g	 20, 5 20, 0 44. 8 10. 5 16. 7 20. 3
Ca/Mg	 15 13 17 3. 6 3, 3 3, 9
hlgf K, mcq basis	 0 8 1, 2 2.0 2. 2 10.0 10. 4
Mg/CEC, met] baSta. 5 9 12 18 21 19
Water-soluble cations from ant, -extract
1a, rneq/lir	 0.4 O. 5 O. 8 6, 1 2, 9 3, 6
K,	 me q/liter	 1.0 0.7 0.5 1.3 0,9 0.7
Mg, meg/liter	 0.8 0.4 0.3 0. 5 0.6 0.7
Ca, meg/liter	 2.9 3.0 3.1 I,3 2,0 2.1
Moisture at saturation, 5 	 36 33 38 28 35 37
The freeze-dried plant samples were dry-ashed at 500 C, dis-
solved with 5 ml IN HC1, and brought to volume with water,
The 1971 samples were wet•ashed in a mixture of nitric and
perchloric (1:1) acids and then brought to volume with water.
All plant samples were then filtered to remove silica, spiked
with 1,500 ppm Sr to minimize interferences, and analyzed for
Mg by atomic absorption.
The paired T-test (P = 0.05) was used to test the significance
of seasonal differences in forage parameters resulting between
treatments and control (8).
RESULTS AND DISCUSSION
Soil Description
The camborthid soil has a higher pH, higher soluble
and extractable Ca and CaCO 3 concentrations, and
lower ammonium-acetate-extractable Mg concentra-
tions than does the durorthid (Table 2). Both soils
have similar cation exchange capacity, K, and total
soluble salt concentrations. The exchangeable Mg/K
values range from 0.8 to 2.0 for the camborthid and
from 2.2 to 10.4 for the durorthid (Table 2). An herb-
age Mg concentration of 0.2% may be attained with
a soil Mg/K ratio of 1.2, but a higher ratio may be
necessary in some instances (5). The Mg reserves (Ta-
ble 2) are much greater than 5 meq/100 g soil suggested
for plant requirements, especially in acid soils (2).
Others (4) have suggested that the Mg/K ratio in soil
should not be less than 2.0, that Ca/Mg be about 5
or less, and that the Mg should equal 10 to 15% of the
exchange capacity. The camborthid soil, based on
these values, would be expected to produce forage
having less than 0.2% Mg, but forage grown on the
durorthid sail should have adequate Mg to meet ani-
mal requirements.
The durorthid soil, when examined with the aid of
a petrographic microscope, showed a high percentage
Forage Mg
Each additional increment of Mg fertilizer signifi-
cantly (paired T-test, P = 0.05) increased vegetative
forage Mg concentrations compared to unfertilized
grass. However, only the 600 kg/ha rate increased the
concentration to the 0.2% level recommended for
ruminants (4), and then only for part of the first sea-
, son (Fig. 1). Because grass tetany in crested wheat-
grass generally occurs early in the growing season, it
would not appear to be of major importance that Mg
concentrations in the plants were somewhat lower
than 0.2% later in the season. The temporary increase
in Mg concentration on some treatments during May
1969 was related to regrowth of forage resulting from
increased soil water content. When no N fertilizer was
added, the seasonal means for 1969 (when averaged
for both sites) were 0.11, 0.12, 0.13, and 0.177, Mg in
the forage harvested from areas fertilized with 0, 90,
200, and 600 kg Mg/ha, respectively. The forage Mg
data were pooled for the two sites because of the small,
even though significant, difference between the Mg
data.
The residual effect of the Mg fertilizer on forage
Mg concentrations, compared to Mg in controls, de-
creased each year following fertilization (Fig. 1). The
forage Mg concentration for the 600 kg/ha treatment
probably would not be significantly different (paired
Mineralogical data were provided by Dr. S. W. Buol, De-
partment of Soil Science, North Carolina State University,
Raleigh.
Fig. I. Magnesium concentration in Agropyron desertorum for-
age during three successive seasons as affected by MO04 . 7HSO
and NH ;NOa applied to the soil surface in February 1969.
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T-test, P 0.05) from that for the check after the
fourth or fifth year. The decrease in forage Mg con-
centrations during each season contrasts with Euro-
pean reports, but may he related to physiological aging
of the crested wheatgrass in this study or to the pres-
ence of legumes in European pastures (4). Year-to-
year differences in Mg concentrations of the control
are not known, but may relate to soil-water relations
and to seasonal growing conditions.
Fertilization with 150 kg N/ha increased forage Mg
concentrations more in the first year than did fertiliza-
tion with 200 kg Mg/ha (Fig. 1). In the presence of
150 kg/ha applied N, the seasonal means for the first
year were 0.16, 016, 0.16, and 0.20% Mg in the forage
fertilized with 0, 90, 200, and 600 kg/ha of Mg, re-
spectively. Nitrogen and Mg fertilizer effects were ad-
ditive in increasing plant Mg, but the combined effects
of 150 kg N/ha and 600 kg Mg/ha were not expected
to produce forage having Mg concentrations signifi-
cantly greater than the control treatment after 5 years.
The increased Mg uptake following NH 4NO8 fertili-
zation could have resulted from increased root growth
and proliferation. However, rooting depths and root
mass:soil volume ratios were similar whether or not
N fertilizer was added, Rooting depths were easily
identified and there was no significant difference in
rooting depth of N fertilized areas compared to that of
the control. The relatively large sampling error in
root mass may have precluded detection of significant
differences in root proliferation of this bunchgrass.
Nitrogen may physiologically increase the ability of
plant roots to absorb Mg or increase the rate of Mg
translocation from roots to the aboveground portions
of the plants (6, 7).
Forage grown on the durorthid soil contained a 3-
year seasonal average of 0.025% more Mg and when
fertilized with 150 kg N /ha, contained an average of
0.028% more Mg than forage grown on the camborthid
soil (data not shown). This difference between sites,
although quite small, was statistically significant
(paired T-test, P = 0.05) and corroborates previous
observations (5) that forage Mg concentrations are in-
versely proportional to soil pH in the neutral to alka-
line range and that Ca-' + and K + ions (Table 2) are
antagonistic to Mg uptake. However, the difference
in Mg concentrations of forage grown on the two sites
was not as great as might have been predicted from
the soil data (Table 2). 'the statistical difference in
forage Mg concentrations from the two sites may have
limited practical significance in the incidence of grass
tetany because Mg concentrations were normally quite
low at both sites.
The progressively reduced uptake of Mg each year
after fertilization was not a result of Mg removal in
forage. Dry matter yields were measured only in 1971,
which was the best production year in at least 10 con-
secutive seasons. It was also the only year when a
visual increase in plant growth resulted from N fer-
tilization. Yields from the durorthid and camborthid
soils were 280 and 540 kg/ha with no N applied, and
590 and 1,100 kg/ha, respectively, where 150 kg N/ha
had been applied in early 1969. It was calculated that
less than 2 kg/ha Mg was removed from even the high_
N-high Mg treated plots over the 3 years. Therefore,
the decrease must he related to reduced availability of
Mg from the soil.
Fig. 2. Twenty-hour Mg solubility (1:1, soil:water) for the 0 to
25-cm depth samples taken in each of four successive seasons




Fig. S. Ammonium acetate (LON, pH 7.0) extractable soil Mg
in durorthid and camborthid soil profiles fertilized with 0,
90, 200, or 600 kg Mg/ha as Mg604 . 7H20 surface applied in
February 1969 and sampled in June 1971.
Soil Mg
The rapid decrease in water-soluble Mg in the soil
following fertilization may explain the reduced avail-
ability of soil Mg to plants (Fig. 2). The reduced
water extractability might suggest that fertilizer Mg
was converted to an exchangeable form. However, the
NH4OAc-extractable Na, K, and Ca values were not
changed following Mg fertilization (data not shown).
Such changes would have been expected if the fertilizer
Mg simply exchanged for other soil cations at the ex-
change sites. Another possible explanation for the re-
duced water extractability is that the fertilizer Mg was
leached below the soil sampling zone. The NI-140Ac-
extractable Mg concentration profiles, however, do not
support the leaching hypotheses. Integration of areas
under each curve (Fig. 3), when corrected for bulk
density, showed that the NH 40Ac-extractable Mg
quantitatively accounted for the added fertilizer M.
The rapid decrease in water-soluble soil Mg was veri-
fied by preliminary laboratory experimentation. These
results suggested the formation of magnesite (MgCO 3)
or some similar mineral which is only slightly soluble
in water but is more soluble in NE1 40Ac.
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